Summary
Introduction
Coronary heart disease is the main cause of death in the world and in middle-and high-income countries [4] . Acute coronary syndrome (ACS), namely unstable angina pectoris (UAP) and myocardial infarction (MI), is the most important clinical consequence of coronary heart disease. Previous studies estimated direct costs and production losses of ischaemic heart disease in Switzerland in 1987 [5] and 1993 [6] . The results of these studies included the costs of ACS without examining them separately. Moreover, the pharmacological and interventional treatments of ACS have changed substantially over the past two decades [7] [8] [9] . For example, the rate of patients with percutaneous coronary interventions (PCIs) has increased considerably compared to thrombolysis. Furthermore, a more successful secondary prevention of ACS may have resulted from the establishment of new anti-thrombotic drugs, a rigorous lipid management with statins and new pharmacological smoking cessation therapies. In addition, the length of stay of patients has decreased in hospitals. The economic impact of modern coronary reperfusion therapies, quicker access to therapies and shorter hospital stays have not been well assessed for Switzerland. One might assume rising direct medical costs for ACS patients driven by modern reperfusion therapies. From a societal perspective, however, this cost rise might be smaller than expected due to reduced downstream costs and higher quality of life. Thus, up-to-date cost of illness data can contribute valuable information. As the current total costs of ACS in Switzerland are not known, we designed a cost-of-illness (COI) study of ACS from a societal and a health insurance perspective including direct medical costs, production losses and intangible costs. A COI study is a descriptive analysis assessing the economic burden of a disease on the population [10] . A COI study can provide comparative health economic evaluations of new treatments (e.g. cost-effectiveness and costutility studies) with important inputs on the cost conse- quences of the disease. Assessing the benefits of new treatments however is not part of a COI study.
Methods
The main objective of the study was the assessment of the cost-of-illness of ACS in Switzerland occurring in 2008 (the most recent year for which the data was available) with a bottom-up (person-based) approach. Costs of ACS include the follow-up costs of monitoring and medication for the remaining lifetime of surviving ACS patients. All ACS events (with the exception of heart failure) were considered whether they were repeat or initial events. However, the treatment of heart failure was not included as we did not want to assess the cost of atherosclerosis as a whole. Production losses were calculated to the patient's expected age of retirement, and intangible costs were calculated on life expectancy. The following sources were used to derive the relevant data: Patient numbers on hospitalisation and mortality, inpatient costs and information on production losses were provided by the Swiss Federal Office of Statistic [11] [12] [13] [14] [15] [16] . They cover all patients or inhabitants in Switzerland. Patient numbers attending outpatient rehabilitation come from the Swiss ACS registry AMIS Plus [17] . Tariff data on cardiac rehabilitation are from the Swiss health insurer association [18] . Outpatient drug consumption was modelled according to AMIS plus registry data [17] and a Ger- 
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Swiss Med Wkly. 2012;142:w13655 man expert survey [19] . Use of other outpatient care resources was modelled according to the German survey [19] and adapted to the Swiss standard by expert interviews (a private practice general practitioner and a private practice cardiologists active in Winterthur, a mid-sized town in the German speaking part of Switzerland). The number of ACS patients was calculated with an incidence-based approach consisting of two steps: 1) All patients with one or more ACS events were identified in the Medical Statistic of Hospitals (MedStat) [11] and the Cause of Death Statistics (DeathStat) [12] . 2) Remaining life years were modelled on average life expectancy [13] . These two statistics cover all hospital stays and all deaths occurring in Switzerland and are thus highly representative. We assumed a factor for increased relative risk of mortality per year of 1.5 for the patients surviving an ACS. The all-cause mortality risk per year of 2% of a 68 year old man does for example increase to 3%. This assumption is based on studies exploring the survival rates of MI patients [20] [21] [22] [23] [24] [25] . The consequences of variations of this assumption were tested in the sensitivity analysis (1.0 for same mortality risk as general population and 2.0 for twofold annual mortality risk). Patients with ACS events were identified by their ICD-10 main diagnosis (UAP: I20.0; NSTEMI: I21.4; I21.9; I22.9; STEMI: I21.0; I21.1-3; I22.0-1; I22.8). Strokes which may occur as adverse events in the treatment of ACS were also considered (I60.1-9; I61.1-9; I62.0, 1,9; I63.1-9; I64) in patients with ACS as secondary diagnosis if the stroke event occurred during the ACS hospitalisation. According to the MedStat coding handbook [26] , the diagnosis to be coded as main diagnosis in patients with several diagnoses is the diagnosis that required the largest amount of medical resources. As treatment of stroke requires more resources than treatment of ACS, ACS with stroke as a major complication should be coded with stroke as main diagnosis and ACS as a secondary diagnosis. The distinction between ACS patients and hospital stays due to ACS is crucial in order to determine the true number of ACS patients, as single hospital stays in different hospitals are often part of the same ACS event. Fortunately, the MedStat makes it possible to attribute separate ACS events to a single patient. Figure 1 gives an overview of possible ACS events occurring in 2008 and subsequent treatments considered in this study. Inpatient hospital costs were calculated by multiplying the number of AP-DRG cases [11] by the average costs of AP-DRG cases [14] . As AP-DRG cost weights do not cover total costs of hospitalisations (investments in hospital infrastructure and additional costs of patients with private and semi-private insurance coverage are not covered), we estimated a correction factor by dividing total AP-DRG costs by total costs of hospitalisations according to the Statistics on Costs and Financing of Health Care [27] . Cost of inpatient rehabilitation was calculated by multiplying the number of days of stay by the average daily tariff for cardiac rehabilitation [18] . Outpatient costs were costs incurred in 2008 as well as costs of surviving patients for the rest of their life. Costs leading to hospitalisation included transport by ambulance (van and helicopter [number and price of ambulance flights for patients with ACS were provided by Rega, Swiss Air Rescue, and are based on the Rega statistics for 2008. Costs of transport by ambulance van are based on sample invoices and interviews with the emergency services of the Zurich metropolitan area; Schutz und Rettung Zürich]) and the emergency services of the cantonal hospital of Winterthur (the second city in the canton of Zurich). The representativeness of these costs for the whole of Switzerland was verified by an expert of the national confederation of emergency services (Interverband für Rettungswesen)) and visits to a general practitioner (GP) or cardiologist. Costs after hospital discharge included visits to GPs and cardiologists, diagnostic interventions, medication and outpatient rehabilitation. The number of GP and cardiologist visits and annual ECGs was assessed in expert interviews. Types of drugs used were derived from a German Study [19] . The proportion of STEMI, NSTEMI and UAP patients who use these drugs was obtained from the AMIS plus registry [17] . Daily doses were assumed to be WHO defined daily doses [28] . A cardiologist and a GP gave advice on the selection of products for each type of drugs. The number of patients in outpatient rehabilitation programmes was based on AMIS Plus [17] . Prices of outpatient services were obtained from official price lists and through direct inquiry to service providers [18, 29, 30] . Production losses included absenteeism (temporary absence from work), permanent disability and premature death and the data were derived from relevant databases from the Swiss Federal Statistic Office as referenced. Losses were calculated for individuals of working age and considered degree of labour force participation [15] , activity level [15] and median gross salary [16] . Production losses due to absenteeism were estimated on the basis of a previous Swiss study [5] and three studies carried out in similar countries [31] [32] [33] . Production losses due to permanent disability were estimated on the basis of statements by a cardiologist working centre specialised in medical examinations for the Swiss Disability Insurance Fund and a private practice cardiologist. Intangible costs were calculated on the basis of the number of individuals affected by ACS (by age, gender, surviving or not) using quality of life weights of cardiovascular diseases recently estimated for England [34] . Future costs and QALY losses were discounted to present value at a 2% rate corresponding to the real interest rate on long term Swiss government bonds over the past 20 years [35, 36] . An extreme value sensitivity analysis was carried out with regard to the lower and upper bounds of prices and the discount rate. Table 1 gives an overview of the number of ACS events in 2008 by type of ACS event and sequence of hospital stays of patients. According to MedStat data a total of 13,231 patients had at least one hospital stay, including 102 patients with stroke as the primary diagnosis and ACS as the secondary diagnosis. A total of 2,752 patients died due to ACS
Results

Number of patients with ACS events and type of ACS event
Original article
Swiss Med Wkly. 2012;142:w13655 according to DeathStat data. To avoid double counting we subtracted 1,028 patients who died in the course of a hospital stay and are thus included in the MedStat as well as in the DeathStat. This lead to a total number of 14,955 individuals who suffered from ACS in 2008. The 13,231 patients with at least one hospital stay had a total of 19,064 inpatient stays. Figure 2 shows the age of patients treated in hospital. From the total number of patients, 8,885 were men (67.2%) and 4,346 were women (32.8%). The mean age was 68.4 years for the hospitalised patients (men 65.6, women 74.2) and 79.3 years for those who died in hospital (men 76.8, women 82.1). The mean age of all deaths was 77.9 years (men 74.3, women 82.8).
Figure 2
Age at ACS event leading to hospital stay in 2008. Own calculation on the basis of MedStat [11] .
Figure 3
Average length of stay in acute care by single stay and by patient (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Own calculation on the basis of MedStat [11] . Average length of stay per patient is higher than average length of single stays as many patients have multiple stays in the course of their ACS treatment (e.g. when a patient is transferred from one hospital to another for specialised care).
Figure 4
Number of ACS patients by main diagnosis at first hospital stay per year (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Own calculation on the basis of MedStat [11] . Table 2 shows the evolution of the number of patients in acute hospital care by type of ACS from 2002 to 2008 according to MedStat. The total number of patients increased by 10.9%, with UAP patients decreasing by 36.8% and NSTEMI patients increasing by 75.1%. These changes were probably due to the introduction of more accurate diagnostic procedures. Figure 4 shows the evolution of the average length of stay of single acute care hospital stays and across-hospital length of stay by single ACS patients in a given year from 2002 to 2008 according to MedStat. Average across-hospital length of stay was higher than the average length of single stays as many patients have multiple stays in the course of their treatment, for example when a patient is transferred from one hospital to another for specialised care. While the average length of a single stay decreased by nearly 2 days in these 7 years (UAP: -1.8 days, NSTEMI -1.94 and STEMI -1.69) the average across-hospital length of stay decreased by only 1.08 days. This difference was probably due to an increased cooperation between hospitals in the treatment of ACS patients. Figure 5 shows in-hospital mortality due to ACS per hospital stays and patients. As expected, mortality per patient increased with severity of ACS from 1.39% for UAP patients to 9.64% for STEMI patients. Mortality rates per patient were substantially higher than mortality rates per stay. The average life expectancy for surviving patients was reduced by 2.8 years for men and by 2.3 years for women due to the increased relative risk of mortality (average age of survivors: men 64.8 years, women 73.3 years; average expected remaining life years: men 15.6 years, women 12.9 years).
Direct costs
The average length of hospital stays was 4.8 days for UAP patients, 8.3 days for NSTEMI patients, 7.3 days for STEMI patients and 7.19 days for all ACS patients (table  3) . Considering the sequence of stays in different hospitals that may be part of a same treatment sequence, the average length of stay per patient was 5.6 days for UAP patients, 10.7 days for NSTEMI patients, 9.7 days for STEMI pa- 
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Swiss Med Wkly. 2012;142:w13655 tients and 9.12 days for all ACS patients. Average hours in intensive care unit (ICU) per patient ranged from 7.0 hours for UAP patients to 26.3 hours for STEMI patients. Inpatient hospital costs were calculated by multiplying the number of ACS patients associated to single AP-DRG codes by the average costs of these AP-DRG cases [14] (an example: 1,729 NSTEMI stays are linked to the AP-DRG code number 122 for "circulatory disturbance with acute MI without cardiovascular complications, without fatal consequences" according to MedStat data 2008. The average cost-weight of AP-DRG code number 122 is CHF 8,999 [14] . By multiplying the number of AP-DRG cases by their average cost weight we obtain an inpatient treatment cost of CHF 15,559,721 for these NSTEMI patients). The resulting CHF 230 Mio was multiplied by a factor of 1.173. The factor is calculated by dividing total acute care hospital cost (without psychiatric and rehabilitation clinics) of CHF 13,739 Mio according to FSO [27] by total acute care hospital treatment cost of CHF 11,711 Mio calculated with the AP-DRG weights provided by FSO [14] and the total cost of inpatient acute care thus amounted to CHF 270 Mio. A total of 2,249 inpatient rehabilitation stays with an average length of stay of 22.5 days were recorded in MedStat. The resulting 50,577 inpatient days were multiplied by the average costs of cardiac rehabilitation (CHF 565 for basic, CHF 659 for semi-private and CHF 748 for private insurance) according to relative weights of the insurance coverage of the patients retrieved from MedStat. The total cost of inpatient rehabilitation amounted to CHF 30 Mio. A total of 4,115 patients (21.6%) reached the hospital by ambulance and 6,739 (35.3%) had a previous emergency GP or cardiologist visit. A total of 509 helicopter flights were carried out for ACS patients. Prices were CHF 1,618
for
As MI patients usually need more post-hospital care than UAP patients, costs were calculated separately based on the information contained in table 4. Table 5 gives an overview of daily doses, daily prices and percentages of the patients taking the drugs and the respective sources. Total drug costs per patient amounted to CHF 1,367 (UAP), CHF 1,385 (NSTEMI) and CHF 1,459 (STEMI) in the first year after the ACS event and to CHF 1,422 (UAP), CHF 1,441 (NSTEMI) and CHF 1,518 (STEMI) from the second year on (drug prices 1 May 2011). Total direct costs of ACS amounted to CHF 630 Mio. Table 6 and figure 5 give an overview of the composition of costs by type of costs and perspective. Inpatient and outpatient costs each represent approximately half of total direct costs. Social and private health insurance covers CHF 462 Mio or 73% of total costs. Table 7 shows the structure of total direct costs and average direct costs per patient over the three ACS event types. Average direct costs per patient amounted to CHF 47,589 and varied between CHF 40,207 for UAP patients and CHF 52,135 for STEMI patients. These costs can be interpreted as direct costs potentially avoided by an intervention preventing an ACS event.
Production losses
In 2008 427 individuals died due to ACS before reaching retirement age (369 men, 58 women). The average number of years to retirement was 9.63 years. The total number of 1,656 full time equivalent work years lost corresponded to a total loss due to premature death of CHF 312 Mio. 
Sensitivity analysis
The results of the sensitivity analysis showed that our estimation of the direct costs of ACS is robust to variations of the assumed prices, the interest rate and the factor for increased relative risk of mortality after ACS. Table 8 shows that the results change by -11% or +14% when varying prices to the lower or upper bound of the mean cost of AP-DRGs and the lower or upper bound of the prices calculated for single health care resources. Results change to +8% or -6% when changing the discount rate to 0% or 4% instead of the 2% of the base scenario. Assuming a factor for increased relative risk of mortality after ACS of 1.0 instead of 1.5 increases direct costs by 7% as surviving patients live longer and thus have more years with outpatient follow-up costs. A relative risk factor to 2.0 leads to a 5% decrease in costs.
Discussion
We assessed the costs of ACS in Switzerland in 2008 from a societal and health insurance perspective with a bottomup incidence-based approach. To our knowledge, this study provides the first estimate of the total costs of ACS in Switzerland. Total direct costs amounted to CHF 630 Mio for the society and CHF 462 Mio for health insurers. Production losses amounted to CHF 515 Mio and intangible costs to 49,878 QALYs lost. Average total direct costs and production losses per patient were CHF 86,813. Results appear robust in the sensitivity analysis.
In a prevalence based COI study of ischaemic heart disease, Sagmeister et al. [6] estimated direct costs of CHF 14.6 Mio and production losses of CHF 16.7 Mio per 
Strengths and limitations
The first strength of the study is the accurate distinction between the number of hospital stays due to ACS and the number of patients hospitalised due to ACS. Although the treatment of a single ACS event is frequently composed of a sequence of hospitalisations, the number of hospitals stays due to ACS is often considered equivalent to the number of patients with an ACS event. Several limitations have to be mentioned. First, we did not include follow-up costs of heart failure due to coronary heart disease, as this was not the specific focus of our study. Even though heart failure can also be caused by other underlying diseases, such as hypertension or myocarditis, coronary heart disease is the most important reason for chronic myocardial dysfunction. Much research has been done concerning the economic consequences of heart failure and the costs are estimated to be in a range of 2% to 4% of total health care expenditures in developed countries [3] . A recent study of the burden of ACS in Europe discussed this topic and decided not to quantify these costs [36] . The reported costs of ACS in our study are thus a conservative estimate. Second, we have no direct estimate to guess the coding quality of the public databases used. It is well known, for example, that death certificates often have limited quality concerning the documented disease leading to death. However, in the absence of more valid data, use of death certificates or publicly available hospital statistics is an accepted information source for cost-of-illness studies. Third, some of the costs of ACS were not considered, such as the assistance of family and friends.
Conclusion
The main results of this study are an accurate description of the structure of hospitalisation and treatment sequences of patients with ACS and a detailed calculation of the considerable costs of ACS in terms of direct medical expenditures, lost production and premature death, even without taking into account costs for its chronic consequences such as congestive heart failure. These results may serve as a basis for health policies and as an input for health economic models of cost effectiveness of new treatments of ACS.
Figures (large format) Age at ACS event leading to hospital stay in 2008. Own calculation on the basis of MedStat [11] .
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Figure 3
Number of ACS patients by main diagnosis at first hospital stay per year (2002) (2003) (2004) (2005) (2006) (2007) (2008) . Own calculation on the basis of MedStat [11] .
Figure 4
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Figure 5
Total direct cost of ACS in Switzerland in 2008 -societal perspective (%). Own calculation on the basis of a variety of sources.
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